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57 ABSTRACT

An electronic musical instrument includes circuitry for
modifying an ordinary address signal which changes at
a uniform rate over one cycle of a waveform, into a
modified address signal whose rate varies in one cycle
of the waveform by the use of a modification signal.

The modified address signal accesses a storage device
such as 2 ROM in which waveform data is stored,
thereby producing the modified waveform data from
the storage device. The modification signal is obtained
from the ordinary address signal through a predeter-
mined logic circuit.
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Re. 34,481 -

1
ELECTRONIC MUSICAL INSTRUMENT

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This application is a continuation of application Ser.
No. 561,180, filed Dec. 14, 1983, now abandoned.

2. BACKGROUND OF THE INVENTION

The present invention relates to a waveform genera-
tor circuit which generates a waveform with digital
circuitry, and more particularly to an electronic musical
instrument in which the rate of accessing a waveform
changes in one cycle of the waveform. )

With the progress of digital technology, it has be-
come possible to generate waveform data by means of
digital circuitry and to convert the digital waveform
data into an analog signal by means of a digital-to-
analog converter, thereby to produce an analog signal
waveform. Such waveform generation by digital cir-
cuitry is also applied to electronic musical instruments,
and the products of electronic musical instruments ca-
pable of generating waveforms of various tone colors
are implemented.

Until now, the musical sound generating systems of
the electronic musical instruments based on digital cir-
cuitry as stated above have included (i) a sinusoidal
wave synthesis system, (ii) a variable filter system, (iii) a
waveform memory readout system, (iv) a frequency
modulation system, etc.

The sinusoidal wave synthesis system (i) is a system
wherein the sinusoidal wave signals of a fundamental
wave and higher harmonics are generated by a digital
circuit, and these digital waveform signals are synthe-
sized to produce a musical sound of desired tone color.
In case of producing musical sounds in desired har-
monic overtone forms, this system needs computing
channels which are equal in number to the sorts of
required harmonic overtones. Further, in case of chang-
ing a spectrum with time, higher harmonics control
signals equal in number to the sorts of harmonic over-
tones are needed, for varying amplitude levels for the
respective harmonic overtones. This system has the
problems that the generator circuit becomes large in
size because the aforementioned computing channels
and higher harmonics control signals necessitate cir-
cuits equal in number to the sorts of harmonic over-
tones, and that the generation control of the higher
harmonic control signals becomes complicated.

The variable filter system (ii) is a system wherein a
digital filter is used, and the frequency characteristic of
the filter is changed by a variable signal. This system
has the problem that the circuit of the digital filter be-
comes large in size. Further, in a case where a wave-
form is generated at a fixed sampling rate, that is, where
the fundamental tone to be inputted to the digital filter
is generated at a fixed sampling rate, a waveform having
a large number of higher harmonics is difficult to ob-
tain, resulting in the problem that the effect of the digi-
tal filter in a higher harmonics region decreases to half.
This system also has the problem that folded distortion
arises. .

The waveform memory readout system (iii) is a sys-
tem wherein waveform data stored in a memory or the
like in advance is sequentially read out in correspon-
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2

dence with a phase angle, thereby to generate a wave-
form. Since the aforementioned waveform data stored
in the waveform memory is the data of a musical sound
waveform to be produced as a musical sound, the spec-
trum of the waveform has been fixed. In order to
change the spectrum, therefore, waveform data corre-
sponding to the change of the spectrum must be stored
in the memory, and moreover, a control circuit for
reading out the data successively in correspondence
with the change of the spectrum is needed. This system
accordingly has the problems that the capacity of the
memory is large and that the control circuit is compli-
cated.

The system (iv) is an application of frequency modu-
lation, and is a system wherein, using the two sinusoidal
waves of a carrier wave and a modulating wave, the
frequency ratio and the modulation depth are changed
thereby to change a harmonic overtone. This system
can control the harmonic overtone to some extent.
Since, however, each harmonic overtone changes ac-
cording to a Bessel function, it has been difficult to
obtain a musical sound whose spectrum has a smoothly
changing envelope, for example, whose amplitude value
decreases as the waveform changes from the fundamen-
tal wave toward the higher harmonics.

Further, there is a system wherein a peak (hereinbe-
low, termed the “formant peak”) is possessed in the
higher frequency region of the spectrum of a musical
sound waveform, and the formant peak frequency is
changed with time, thereby to bestow a change on a
musical sound. An example is to utilize the resonance
effect of a voltage control filter VCF in an analog syn-
thesizer. Methods of generating the aforementioned
formant peak by means of a digital circuit include (a) a
method wherein the coefficient of a harmonic overtone
synthesized by adding sinusoidal waves is changed with
time so as to give rise to a filter effect, and to generate
a peak value in the amplitude values of higher harmon-
ics of higher orders, and (b) a method wherein a reso-
nance effect as attained with an analog filter is produced
by a digital low-pass filter. The method (a) is the same
as the foregoing system (i). It requires computing chan-
nels corresponding to the higher-order frequencies in
order to generate the higher harmonics, and besides, it
needs to set amplitudes for the respective higher har-
monics, namely, harmonic overtones, so that a compli-
cated circuit is necessitated and has been difficult to
fabricate. With the method (b), the circuit of the digital
filter becomes larger in size and has similarly been diffi-
cult in realization.

3. SUMMARY OF THE INVENTION

The present invention has been made in order to
solve the problems of the prior art, and has for its first
object to provide a waveform generating system which
permits the spectrum of a waveform to change
smoothly.

A second object of the present invention is to provide
a waveform generating system which generates the
waveforms of a rectangular wave, a sawtooth wave,
etc. free from the higher frequency components of the
signals thereof.

A third object of the present invention is to provide a
musical sound generating system for an electronic musi-
cal instrument in which the spectrum of a waveform is
changed by a digital circuit. ’

A fourth object of the present invention is to provide
a musical sound generating system for an electronic
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musical instrument which generates a musical sound
having a peak value in the higher frequency region of a
spectrum, namely, in harmonic overtones.

According to the present invention, there is provided
an electronic musical instrument comprising storage
means to store waveform information; address signal
production means to produce an address signal which
changes at a uniform rate over one cycle of a waveform,
in order to read out the waveform information stored in
said storage means; modification means to modify the
address signal produced from said address signal pro-
duction means, into a modified address signal whose
changing rate varies in one cycle of the waveform; and
means to access said storage means by the use of the
modified address signal delivered from said modifica-
tion means. :

Another feature of the present invention is to provide
an electronic musical instrument comprising storage
means to store waveform information; address signal
production means to successively produce address sig-
nals for reading out the waveform information stored in
said storage means; modification means to modify each
of the address signals into a modified address signal
which appoints an address of more than one cycle of a
waveform while said each address signal appoints an
address of one cycle of the waveform; and means to
access said storage means by the use of the modified
address signal delivered from said modification means.

4. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram showing an embodiment of
the present invention;

FIG. 2 is a block diagram showing the first arrange-
ment of a waveform synthesizer circuit in FIG. 1;

FIGS. 3 and 12 are circuit diagrams each showing the
arrangement of FIG. 2 more in detail;

FIGS. 4(a)-4(d) are diagrams for explaining symbols
vsed in FIG. 3;

FIGS. 5, 8, 10, 13, 14, 18, 19, 20, 21, 23 and 25 are
waveform diagrams for explaining the formation of
waveforms in the present invention;

FIGS. 6(A), 7(A), 9(A) and 11(A) show output wave-
forms in an embodiment of the present invention, while
FIGS. 6(B), 7(B), 9(B) and 11(B) show corresponding
spectra;

FIG. 15 is a circuit diagram of a read only memory
and peripheral circuits thereof showing a modified em-
bodiment of the present invention; '

FIG. 16 is a block diagram showing the second ar-
rangement of the waveform synthesizer circuit in FIG.
5

FIGS. 17, 22 and 24 are circuit diagrams each show-
ing the arrangement of FIG. 16 more in detail; and

FIGS. 26(A1), 26(B1), . . . 26(F1), FIGS. 27(Al),
27(B1), . .. 27(F1) and FIGS. 28(A1), 28(B1), . . . 28(F1)
show waveforms generated by the respective embodi-
ments of the present invention in FIGS. 17, 22 and 24,
while FIGS. 26(A2), 26(B2), . . . 27(F2), FIGS. 27(A2),
27(B2), . .. 27(F2) and FIGS. 28(A2), 28(B2), . . . 28(F2)
show corresponding spectra.

5. PREFERRED EMBODIMENTS OF THE
INVENTION

FIG. 1is a circuit block diagram showing an embodi-
ment of the present invention. In the illustrated embodi-
ment of FIG. 1, the present invention is applied to an
electronic musical instrument.
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The first output of keyboard 1 is applied to a fre-
quency information generator circuit 2, while the sec-
ond output is applied to a higher harmonics control
signal generator circuit 4 as well as an envelope control
signal generator circuit 5. The output of the frequency
information generator circuit 2 enters the first input
terminal of a phase angle computing circuit 3. The out-
put terminal of the phase angle computing circuit 3 is
connected to the second input terminal thereof and the
input terminal A of a waveform synthesizer circuit 8.
The output terminal of the higher harmonics control
signal generator circuit 4 is connected to the first input
terminal of an adder circuit 6. The second input termi-
nal of the adder circuit 6 is supplied with a control
signal from another circuit (not shown). The output of
the adder circuit 6 enters the input terminal B of the
waveform synthesizer circuit 8. The output terminal C
of the waveform synthesizer circuit 8 is connected to
the first input terminal of an envelope multiplier circuit
7, the second input terminal of which has the output
terminal of the envelope control signal generator circuit
5§ connected thereto. The output terminal of the enve-
lope multiplier circuit 7 is connected to a digital-to-
analog converter circuit DAC (not shown). The key-
board 1 is a circuit which generates the positional infor-
mation of a depressed key and the timing signal of the
key. The positional information of the key is applied to
the frequency information generator circuit 2, and the
timing signal of the key to the higher harmonics control
signal generator circuit 4 and the envelope control sig-
nal generator circuit 5. The frequency information gen-
erator circuit 2 is a circuit which generates frequency
information, namely, phase angle information corre-
sponding to the depressed key on the basis of the afore-
mentioned positional information of the key. By way of
example, it delivers the phase angle information in suc-
cession in accordance with specified clock pulses. The
phase angle computing circuit 3 adds the information
applied to the first and second input terminals thereof,
and delivers the result. Since the output of the phase
angle computing circuit 3 enters the second input termi-
nal thereof, the phase angle information items produced
from the frequency information generator circuit 2 are
successively added to the contents of the phase angle
computing circuit 3 in accordance with the specified
clock pulses. That is, the phase angle information items
produced from the frequency information generator
circuit 2 are accumulated by the phase angle computing
circuit 3. The cumulation is executed in single-cycle
units, and when a phase angle of above one cycle has
been reached, the phase of one cycle is subtracted. In
the embodiment of FIG. 1, the phase angle of one cycle
(corresponding to 27) is set at, e.g., 212. When this value
has been exceeded, a carry ought to be provided. Since,
however, no carry is used, the operation of the embodi-
ment results in the subtraction of the phase angle corre-
sponding to one cycle. The output of the phase angle
computing circuit 3 is applied to the input terminal A of
the waveform synthesizer circuit 8. The higher harmon-
ics control signal generator circuit 4 is supplied with the
timing signal, and converts it into, e.g., a tone color
control signal for changing a higher harmonic compo-
nent with time. The resulting output of the tone color
control signal is added in the adder circuit 6 with the
external control signal, for example, a control signal for
changing a tone color by means of an actuator disposed
outside. The adder circuit 6 can be omitted in a case
where the control signal is not externally applied. The
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output of the adder circuit 6 is applied to the input
terminal B of the waveform synthesizer circuit 8. The
waveform synthesizer circuit 8 is a circuit for accessing
a waveform after the phase angle or address signal
changing at a uniform rate as received from the input
terminal A is converted into a modified address signal
whose one cycle is equal to one cycle of the received
address signal, but in which the first half of such one
cycle has a higher rate and the latter half a lower rate by
way of example, or into a modified address signal which
addresses more than one cycle while the received ad-
dress signal appoints one cycle. The extent of the modi-
fication changes, depending upon the control signal
received from the input terminal B.

The timing signal of the keyboard 1 is further applied
to the envelope control signal generator circuit 5. The
envelope control signal generator circuit 5 generates
control data for changing the amplitude of a musical
sound to-be-produced in correspondence with the de-
pressed key. The output or envelope signal of the cir-
cuit 5 enters the envelope multiplier circuit 7. On the
other hand, waveform data delivered from the output
terminal C of the waveform synthesizer circuit 8 enters
the envelope multiplier circuit 7. The envelope multi-
plier circuit 7 multiplies the waveform data and the
envelope signal, and delivers the result. The output of
the envelope multiplier circuit 7 is applied to the digital-
to-analog converter circuit DAC (not shown), by
which it is converted into an analog signal.

By way of example, the waveform synthesizer circuit
8 is composed of a divider circuit 9 and a waveform
memory 10 as shown in FIG. 2. The divider circuit 9
executes an operation in which the phase angle received
from the input terminal A is divided by the tone color
control signal, namely, higher harmonics control signal
received from the input terminal B, in a specified phase
angle range and is further divided by a different value in
another specified range. That is, in the waveform syn-
thesizer circuit 8, the advancing way of the phase angle
is not held constant over one cycle, but is changed. The
divided result accesses the waveform memory 10 within
the waveform synthesizer circuit 8, and waveform data
is delivered from the output terminal C. The access to
the memory at this time is not fixed over one cycle, but
is changed within one cycle, so that the waveform data
obtained by distorting the phase of a waveform stored
in the waveform memory 10 is provided from the out-
put terminal C.

FIG. 3 is a detailed circuit diagram illustrative of the
first arrangement of the waveform synthesizer circuit 8
corresponding to the embodiment of the present inven-
tion shown in FIG. 2. Symbols in FIG. 3 are informal,
and the respective symbols (a) and (c) denote setups
depicted at (b) and (d) in FIGS. 4(a)-4(d). As seen from
FIGS. &a)-4(d), FIG. 4(a) expresses the gate circuit
(FIG. &b)) of a FET, the source and drain of which
correspond to the input and output of the gate circuit
and the gate of which corresponds to the control input
terminal of the gate circuit. FIG. 4(a) shows the exclu-
sive logic OR gate (FIG. 4(d)) for an input. A group of
input terminals N is connected to a group of gates G1
and a group of gates G2. The ends of the groups of gates
G1, G2 remote from the input terminals N are con-
nected to a group of exclusive logic OR gates EOR1,
the output signals of which are applied to the inputs
A0-A11 of a divider DIV through a group of exclusive
logic OR gates EOR2. The group of gates G1 are con-
nected so that the respective bit positions NO-N11 of
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the input terminals N may be shifted by one bit toward
the upper bits, and the least significant bit thereof is
connected so that a low level (ground level) may be
received. A control terminal SAT is directly connected
to the control input terminals of the group of gates G2,
and it is connected to the control input terminals of the
group of gates G1 through an inverter I1. The first
input of an AND gate AND1 has a control terminal SIP
connected thereto, the second input thereof has the bit
N11 of the input terminals N connected thereto, and the
output thereof is connected to the second inputs of the
exclusive logic OR gates EOR1 in common.

The bits M0-M10 and bit M11 of a group of input
terminals M are connected to the inputs B0-B11 of the
divider DIV through a group of exclusive logic OR
gates EOR3 and through a gate G3 as well as the exclu-
sive logic OR gate EOR3, respectively. The input of the
exclusive logic OR gate EOR3 corresponding to the bit
M11 has a gate G4 connected thereto. The end of the
gate G4 remote from the exclusive logic OR gate EOR
3 is grounded, and the control input terminal thereof has
the control terminal SAT connected thereto. Mean-
while, the control input terminal of the gate G3 has the
contro} terminal SAT connected thereto through an
inverter 12. The first inputs A11-A0 of a comparator
COMP are supplied with the outputs of the group of
exclusive logic OR gates EOR1, while the second in-
puts B11-B0 are supplied with the same signals as those
entering the group of exclusive logic OR gates EOR 3.
The comparison output of the comparator COMP is
connected to the first input of an AND gate AND2.
The control terminal SAT is connected to the second
input of the AND gate AND2, the output of which
enters the second inputs of the respective groups of
exclusive logic OR gates EOR2 and EOR 3 in common.

The operated outputs D0-D11 of the divider DIV
enter the address inputs of a read only memory ROM
through groups of gates G5, G6. The waveform ampli-
tude values of the half wavelength components of co-
sine waves are stored in the read only memory ROM. It
corresponds to —1 when all the outputs are at a low
level, and to +1 that they are at a high level. A control
terminal SQU is directly connected to the control input
terminals of the group of gates G5, and it is connected
to the control input terminals of the group of gates G6
through an inverter I13. The outputs O0-010 of the read
only memory ROM are delivered through a group of
exclusive logic OR gates EOR4. The control terminal
SQU and the bit N11 are respectively connected to the
inputs of an AND gate AND3, the output of which
enters the inputs of the group of exclusive logic OR
gates EOR4 in common.

In the embodiment of the present invention shown in
FIG. 3, the input terminals N and M correspond to the
inputs A and B of the waveform synthesizer circuit 8 in
FIG. 1, respectively. The input terminal N is supplied
with the output or phase angle data N0-N11 of, e.g., 12
bits from the phase angle computing circuit 3 in FIG. 1,
while the input terminal M is supplied with the tone
color control data or modulation depth data M0-M11
of, e.g., 12 bits from the adder circuit 6 in FIG. 1.

This circuit includes the three control terminals SAT,
SIP and SQU as stated above. By selecting any of the
aforementioned control terminals, that is, by applying a
high level to one of them, a waveform changes vari-
ously depending upon the signals received from the
input terminal M.
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First, when the high level signal is applied to the
control terminal SAT and low level signals are applied
to the control terminals SIP, SQU, a sawtooth wave is
generated. When the control terminals SIP, SQU are
supplied with the low level signals, the outputs of the
AND gates AND1 and AND3 become low level sig-
nals, and the groups of exclusive logic OR gates EOR1
and EOR4 operate as buffers. In addition, since the
control input terminals of the group of gates GS are
supplied with the low level signal, these gates G5 turn
“off”. Further, since the inverter 13 is supplied with the
low level signal, its output becomes the high level,
which enters the control input terminals of the group of
gates G6 to turn “on” these gates G6. That is, the out-
puts D1-D11 of the divider DIV are respectively ap-
plied to the addresses A0-A10 of the read only memory
ROM.

Also, the high level signal is applied to the control
terminal SAT, so that the group of gates G2 turn “on”.
This high level signal is inverted by the inverter I1 into
a low level signal, which is applied to the control input
terminals of the group of gates G1, so that these gates
G1 turn “off”. That is, the respective bits NO-N11 of
the input N enter the inputs A0-A11 of the divider DIV
through the group of exclusive logic OR gates EOR2.
In addition, when the high level signal is applied to the
control terminal SAT, the gate G4 turns “on” and the
gate G3 “off”, and the input of the exclusive logic OR
gate EOR3 corresponding to the input B11 of the di-
vider DIV becomes the low level.

The value applied to the input terminal N and the
value applied to the input terminal M are compared by
the comparator COMP. When the value of the input
terminal N is smaller than that of the input value M, a
low level signal is delivered from the comparison out-
put OUT, and it is applied to the groups of exclusive
logic OR gates EOR2 and EOR3 through the AND
gate AND2. As a result, the groups of exclusive logic
OR gates EOR2 and EOR3 operate as buffers. When
the phase angle advances gradually until the value ap-
plied to the input terminal N becomes larger than the
value applied to the input terminal M, a high level signal
is delivered from the comparison output OUT of the
comparator COMP. Thus, the output of the AND gate
AND becomes the high level. Since the high level out-
put enters the groups of exclusive logic OR gates EOR2
and EORS3, these groups of exclusive logic OR gates
EOR2 and EOR3 execute inverter operations.

That is, when the high level signal is applied to the
control terminal SAT and the low level signals are
applied to the control terminals SIP and SQU, the value
generated by the phase angle computing circuit 3 and
entering the input terminal N, namely, the phase angle
address value NX is subjected to a calculation so as to
distort the value, and a waveform stored in the read
only memory ROM is read out by the use of the new or
calculated phase angle address value LX, so as to
change the waveform. FIG. 5§ shows a waveform dia-
gram corresponding thereto. The axis of abscissas rep-
resents the time t, while the axis of ordinates represents
the normalized value of the amplitude. A waveform AX
corresponds to a case where the modulation depth in-
formation MX is MX=T/2, and a waveform BX corre-
sponds to a case where MX <T/2. Here, T expresses
one cycle of the waveform. Since, in this operation, the
value entering the divider DIV changes depending
upon the comparison result of the comparator COMP,
one cycle will be described as to two separate condi-
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tions. When NX=MX holds, the embodiment operates
so that the length of § cycle of a cosine wave stored in
the read only memory ROM may become the modula-
tion depth information. Regarding the magnitude NX1
of the phase angle address value under this condition,
LX1 at this time becomes:

LX1=NX1/MX.T/2 ()}
The divider DIV executes the binary operation, and the
cycle has a value of the power of 2. In the embodiment
of the present invention shown in FIG. 3, therefore,
T/2 on the right-hand side of Equation (1) is not espe-
cially multiplied. In this regard, however, T/2 is equiv-
alently multiplied as stated below. The outputs of the
divider DIV provide successive values below a decimal
point in such a manner that the output D11 is the first
decimal place of a binary number and that the output
D10 is the second decimal place thereof. Such values
are shifted to the lower places by one bit, into the ad-
dress of the read only memory ROM.

When NX>MX holds, the embodiment operates so
that the remaining 4 cycle of the cosine wave stored in
the read only memory ROM may become (T—MX).
Regarding the value NX2 of MX under this condition,
the calculated phase angle address value LX2 at this
time satisfies:

T—-LX2=(T-NX2)/T-MX)T/2 )

Here, since the cycle T is the power of 2,
T-MX=MX;
| T-NX2=NX2,
and
T-IX2=IX2

hold, and the calculated phase angle address value LX2
is expressed by:
LX2=NX2/MX-T72 3)
Here, — over the symbols indicate the corresponding
inverted signals. In the circuit of FIG. 3, when this
condition of NX>MX has held, the output of the com-
parator COMP becomes the high level, and the high
level signal enters the groups of exclusive logic OR
gates EOR2, EOR3 through the AND gate AND2.
Therefore, the groups of exclusive logic OR gates
EOR?2 and EORS3 execute inverter operations to apply
MX and NX to the divider DIV respectively. The re-
sulting output or X2 is not inverted. Since, however,
the waveform stored in the read only memory ROM is
a cosine wave of § wavelength, inputting LX causes no
change from inputting LX. The output LX2 enters the
read only memory ROM as the address thereof in that
state without being inverted. That is, in order to sim-
plify the circuit arrangement, the embodiment of the
present invention has omitted the inverting function,
particularly the insertion of a group of exclusive logic
OR gates connected to the output of the AND gate
AND?2, between the divider DIV and the read only
memory ROM. It is of course possible to insert this
group of exclusive logic OR gates. On the basis of the
inputted address value mentioned above, the waveform
data of the read only memory ROM is outputted. The
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output value corresponds to the waveform BX in FIG.
§. Thus, the read only memory ROM is only required to
store the half wavelength of the cosine wave, and the
storage capacity may be half. The readout of the wave-
form from the read only memory ROM is done by the
half wavelength in the range of 0<NX=MX, and by
the half wavelength in the remalmng MX<NX<T. As
a result, in a case where MX is smaller than T/2 the
waveform becomes a sawtooth wave.

The tone color, in other words, spectrum of the
waveform of the sawtooth wave changes depending
upon MX. FIGS. 6(A) and 7(A) and FIGS. 6(B) and
7(B) show the output waveforms and their spectra in
the foregoing operations in the embodiment of the pres-
ent invention, respectively. FIGS. 6(A) and 6(B) corre-
spond to the case of MX=T/2, and the modulation
depth at this time is assumed 100%. FIGS..7(A) and
7(B) correspond to a case of MX ="T/8, and the modula-
tion depth is 25%. In FIGS. 6(A) and 7(A), the axis of
abscissas indicates the time t, while the axis of ordinates
indicates the amplitude. In FIGS. 6(B) and 7(B), the axis
of abscissas indicates the frequency f, while the axis of
ordinates indicates the amplitude at the corresponding
frequency. At the MX value of 100% in FIGS. 6(A) and
6(B), the cosine wave stored in the read only memory
ROM is successively and repeatedly read out at equal
time intervals. Therefore, the output waveform includes
no higher harmonic component and consists only of the
fundamental wave. At the MX value of 25% in FIGS.
7(A) and 7(B), time intervals at which the half-
wavelength components of the cosine wave stored in
the read only memory ROM are read out, are unequal.
Therefore, the output waveform becomes a sawtooth
wave, and its spectrum includes the fundamental wave
and higher harmonics of orders 2, 3, .... Although only
the case of the MX value of 25% has been referred to,
the higher harmonics of the orders change depending
upon the value of the modulating depth MX.

In the next place, when the high level signal is applied
to the control terminal SQU and the low level signals
are applied to the control terminals SAT and SIP in the
embodiment of FIG. 3, a rectangular wave is generated.

When the low level signal is applied to the control
terminal SAT, the gate G4 turns “off”, and the control
terminal of the gate G3 is supplied with a high level
through the inverter 12, so that the gate G3 turns “on”.
Since the AND gate AND2 is also supplied with the
low level signal, its output becomes the low level, and
the groups of exclusive logic OR gates EOR2, EOR3
operate as buffers. At this time, the comparator COMP
operates, but it has no influence on the operation of the
whole circuit because its output enters the AND gate
AND2. Thus, a signal received from the input terminal
M enters the divider DIV without any change in such a
manner that the respective bits M0-M11 correspond to
the bits B0-B11. Meanwhile, since the low level signal
is applied to the control terminal SIP, the group of gates
G2 turn “off”, and the high level signal is applied to the
control terminals of the group of gates G1 through the
inverter I1, so that the group of gates G1 turn “on”. In
addition, since the AND gate AND1 is supplied with
the low level signal, the output of the AND gate AND1
becomes the low level, and the group of exclusive logic
OR gates EOR1 operates as a buffer. Thus, a signal
received from the input terminals N enters the divider
DIV with the respective bits NO-N10 corresponding to
the bits A1-A11. That is, the signal is shifted by one bit
and then applied to the divider DIV. The input A0 of
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the divider DIV is supplied with the low level signal
because the gate of the group of gates G1 correspond-
ing to the input A0 is grounded. Since the control termi-
nal SQU is supplied with the high level signal, the group
of gates G5 turn *“on”, and the control terminals of the
group of gates G6 are supplied with the low level signal
through the inverter I3, so that these gates G6 turn
“off”. As a result, the outputs D0-D10 of the divider
DIV are correspondingly applied to the address inputs
A0-A10 of the read only memory ROM. The output
D11 of the divider DIV is not used. Further, since the
AND gate AND3 is supplied with the high level signal,
the signal of the bit N11 of the input terminals N enters
the group of exclusive logic OR gates EOR4 through
the AND gate AND3. When the top bit N11 of the data
received from the input terminals N is at the low level,
the group of exclusive logic OR gates EOR4 operate as
a buffer, and when the former is at the high level, the
latter operates as an inverter.

Here, as in the foregoing, the value received from the
input terminals N is denoted by NX, and further, the
value before # cycle or T/2 is denoted by NX1, while
the value after T/2 by NX2. The values NX1 and NX2
have different levels at the top bit N11, and N11 is at the

- low level for NX1 and at the high level for NX2.

When NX=T/2 holds, the top bit N11 becomes the
low level as stated before. As a result, the output of the
AND gate AND3 becomes the low level. Since this
output enters the group of exclusive logic OR gates
EORA4, these gates operate as a buffer. Under this status,
when NX=MX holds, the address value or the outputs
D1-D11 of the divider DIV accesses the address of the
read only memory ROM which stores a waveform of 4
wavelength. Since the top bit D11 is open, all the data
stored in the read only memory ROM is assigned and
provided from the read only memory ROM in this
range or NX=T/2. Since, under this status, the output
of the AND gate AND3 is the low level, the output of
the read only memory ROM is delivered from the ter-
minal C as it is. On the other hand, when
T/2=ZNX>MX holds, all the outputs of the divider
DIV become the high level. This is because the outputs
of the divider DIV deliver values below the decimal
point, and the circuit is so arranged that all of them
become the high level for a case of at least one. That is,
at T/2=NX>MX, all the outputs are the high level, so
that the outputs of the read only memory ROM become
the final values of § wavelength stored in this ROM.
When NX>T/2 holds, the top bit N11 becomes the
high level. As a result, the output of the AND gate
AND3 becomes the high level. Since this output enters
the group of exclusive logic OR gates EOR4, these
gates EOR4 operate as an inverter. Under this status,
when the value NX' received from the input terminal N
except the top bit N11 is NX'=MX, the outputs of the
divider DIV effect the same function as in the foregoing
case of NX=MX. However, the outputs of the read
only memory ROM at this time are inverted by the
group of exclusive logic OR gates EOR4, and the wave-
form stored in the read only memory ROM is of &
wavelength of the cosine wave, so that the waveform
outputted from the terminal C changes conversely to
the case of NX=MX. Since, at NX=MX, all the out-
puts of the divider DIV become the high level and the
group of exclusive logic OR gates EOR4 operate as the
inverter, the values delivered from the terminal C be-
come the converse to the output values of the read only
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memory ROM. FIG. 8 shows a waveform diagram
corresponding to this.

The axis of abscissas represents the time t, while the
axis of ordinates represents the normalized value of an
amplitude. A waveform AX corresponds to a case
where the modulation depth information MX is
MX=T/2, and a waveform BX' a case where
MX<T/2. As stated before, in the first half of one
cycle, subject to NX=MZX, the calculated phase angle
address value LX1 becomes as follows, with respect to
the NX value of NX1 at this time:

NX1=NX1/MX.T/2 “
Further, subject to NX>MX, the calculated phase
angle address value LX1’ at this time becomes irrespec-
tive of the NX value of NX1' at this time as stated be-
fore and is expressed by: ’

LXYV=T/2 ®)
As explained before, T/2 is not especially multiplied in
the embodiment of the present invention in FIG. 3, but
the divider DIV executes the binary operation and the
cycle T has the value of the power of 2, so T/2 is equiv-
alently multiplied owing to the connection of the re-
spective bits. In the latter 4 cycle, the NX and LX val-
ues of NX2 and NX3 at this time become the same as in
Equations (4) and (5) respectively. Thus, substantially
the same operation as in the first 3 cycle is conducted.
Since, however, the outputs of the read only memory
ROM are inverted by the group of exclusive logic OR
gates EOR4, a waveform having an inverted amplitude
results. In this way, a rectangular wave as shown at BX'
is produced, and the tone color, i.e., spectrum of the
waveform of the rectangular wave changes depending
upon MX.

FIGS. 9(A) and 9(B) show the output waveform and
the spectrum at the time at which the modulation depth
of the foregoing operation in the embodiment of the
present invention is 25%, respectively. As in FIGS.
6(A) and 6(B) and FIGS. 7(A) and 7(B), the axis of
abscissas represents the time t and the axis of ordinates
the amplitude in FIG. 9(A), and the axis of abscissas
represents the frequency f and the axis of ordinates the
amplitude at the corresponding frequency in FIG. 9(B).
In a case where the modulation depth is 100%, that is,
MX=T/2 holds, a cosine wave is provided to afford
the waveform and the spectrum shown in FIGS. 6(A)
and 6(B) respectively. However, when the modulation
depth is less than 100% as shown in FIGS. 9(A) and
9(B), higher harmonics of orders 3, 5, 7. . . or odd-num-
bered orders are produced. These higher harmonics of
the odd-numbered orders change depending upon MX.
In this operation, higher harmonics of even-numbered
orders are not produced.

Besides, when a high level signal is applied to the
control terminal SIP and low level signals are applied to
the control terminals SAT and SQU, an impulse-like
waveform is generated.

When the low level signal is applied to the control
terminal SAT, the gate G4 turns “off”, and the high
level is applied to the control terminal of the gate G3
through the inverter 12, so that the gate G3 turns “on”.
In addition, since the low level signal is applied to the
AND gate AND2, the output of this gate becomes the
low level, and the groups of exclusive logic OR gates
EOR2 and EOR3 operate as buffers. At this time, the
comparator COMP operates, but it has no influence on
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the operation of the whole circuit because the corre-
sponding output enters the AND gate AND2. Thus, a
signal received from the terminals M enters the divider
DIV with the respective bits M0-M11 corresponding to
the bits B0-B11. When the control terminal SQU is
supplied with the low level signal, the output of the
AND gate AND3 becomes the low level, which enters
the group of exclusive logic OR gates EOR4, so that
these gates EOR4 operate as a buffer. In addition, the
group of gates G5 turn “off” because the control input
terminals of these gates G5 are supplied with the low
level signal. Further, since the inverter I3 is supplied
with the low level signal, its output becomes the high
level, which is applied to the control input terminals of
the group of gates G#6, so that these gates G6 turn “on”.
Thus, the outputs D1-D11 of the divider DIV enter the
address inputs A0-A10 of the read only memory ROM,
respectively. In addition, the least significant bit D0 of
the divider DIV falls into the open status. Further, since
the group of exclusive logic OR gates EOR4 are sup-
plied with the low level and operate as the buffer, the
outputs 00-010 of the read only memory ROM are
delivered from the terminal C.

The inverter I1 receives the input from the control
terminal SAT or the low level signal and delivers its
output to the gates of the group of gates G1, so that the
group of gates G1 turn “on”. Since at this time, the
group of gates G2 are “off”, the bits N0O-N11 of a signal
received from the input terminal N, except the most
significant bit N11, enter the inputs A1-A11 of the
divider DIV through the group of exclusive logic OR
gates EOR1, respectively. The input A0 is supplied
with the low level through the corresponding one of the
exclusive logic OR gates EOR1. One input of the AND
gate AND1 is supplied with the high level signal from
the control terminal SIP, and the other input thereof
with the most significant bit N11 of the signal of the
input terminal N. Therefore, the group of exclusive
logic OR gates EOR1 operate as a buffer when the most
significant bit N11 of the input terminal N is at the low
level, and they operate as an inverter when the bit N11
is at the high level.

In a case where the signal NX inputted from the input
terminals N is smaller than 4 of one cycle T, the read
only memory ROM is sequentially accessed at
NX=MX. Thus, a cosine wave of half wavelength is
outputted from the terminal C during this period,
namely, during O<KNX=MX. At NX>MX, all the
outputs of the divider DIV become the high level. This
is because, as stated before, the outputs of the divider
DIV provide values below the decimal point, and the
circuit is so arranged that all the outputs become the
high level in the case of at least one. That is, since all the
outputs are the high level at NX>MYX, the outputs of
the read only memory ROM become the final values of
4 wavelength stored in the read only memory ROM.
Further, in a case where NX>T/2 holds, the most
significant bit N11 becomes the high level. As a result,
the output of the AND gate AND1 becomes the high
level, which enters the group of exclusive logic OR
gates EOR1, so that these gates operate as an inverter.
When the inverted value NX' of the input value of the
input terminals N except the most significant bit N11 is
NX'zZMX, the calculated result of the divider DIV is
one or more, and hence, all the outputs of the divider
DIV become the high' level. Thus, the outputs of the
read only memory ROM during this period become the
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final values of the half wavelength of the cosine wave,
and they are delivered from the terminal C. Besides,
when NX'<MX holds, NX' decreases as NX increases
gradually. Therefore, the read only memory ROM is
accessed in the sequence reverse to that for NX=MX in
the foregoing case of NX <T/2.

In consequence, for MX < NX < T—MX, the outputs
become constant, and in the other ranges of NX <MX
and T—MX<NX, the waveform stored in the read
only memory ROM is outputted.

FIG. 10 shows a waveform corresponding to the
above. The axis of abscissas represents the time t, and
the axis of ordinates the normalized value of an ampli-
tude. A waveform AX corresponds to a case where the
modulation depth information MX is MX=T/2, and a
waveform BX" a case where it is MX < T/2. At the NX
values of NX1 and NX2 which satisfy NX <MX and
T—MX <NX respectively, the addresses LX1 and LX2
of the read only memory ROM at the corresponding
times become:

LX1=NX1/MX-T/2 ©)

LX2=NXZ/MX.T/2 )
Here, NX2' denotes a value at the time at which the
most significant bit N11 of NX2 is assumed zero. In
addition, the address is fixed at MX<NX <T~-MX.
The values at this time are the final values of the cosine
wave of § wavelength stored in the read only memory
ROM.

FIGS. 11(A) and 11(B) show the output waveform
and its spectrum at the time at which the modulation
depth is 25% in the foregoing operation in the embodi-
ment of the present invention, respectively. The axis of
abscissas in FIG. 11(A) represents the time t, while the
axis of ordinates represents the amplitude. The axis of
abscissas in FIG. 11(B) represents the frequency f, while
the axis of ordinates represents the amplitude at the
corresponding frequency. In a case where, under this
condition, the modulation depth is 100%, i.e.,
MX=T/2 holds, the cosine wave is provided to afford
the waveform and the spectrum shown in FIGS. 6(A)
and 6(B) respectively. However, when the modulation
depth is less than 100% as illustrated in FIGS. 11(A)
and 11(B), higher harmonics are generated, and the
spectrum differs from that in the foregoing case of set-
ting the control terminal SAT or the control terminal
SQU at the high level and does not include higher har-
monics of such high orders as orders 8, 12, 16, ....

FIG. 12 is a detailed circuit diagram showing the
second arrangement of the waveform synthesizer cir-
cuit of the embodiment of the present invention illus-
trated in FIG. 2. Input terminals N and M correspond to
the inputs A and B of the waveform synthesizer circuit
8 in FIG. 1, respectively. The input group N is supplied
with the output of the phase angle computing circuit 3
in FIG. 1, for example, 12-bit phase angle data NO-N11,
while the input group M is supplied with the output of
the adder circuit 6 in FIG. 1, for example, 12-bit modu-
lation depth data M0-M11. The phase angle data
NO-N11 applied to the input terminals N enter the input
terminals A (A0-A11) of a divider DIV, respectively.
The modulation depth data M0-M11 applied to the
input terminals M enter the input terminals B (B0-B11)
of the divider DIV, respectively. The calculated out-
puts D0-D10 of the divider DIV enter the correspond-
ing input terminals on one side, of a group of exclusive
logic OR gates EQRS, and enter the respective address
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input terminals A0-A10 of a read only memory ROM
through the group of exclusive logic OR gates EORS.
In addition, the calculated output D11 of the divider
DIV enters the input terminals on the other side, of the
group of exclusive logic OR gates EORS. The outputs
00-010 of the read only memory ROM are delivered
from the terminal group C of the waveform synthesizer
circuit 8, to enter the envelope multiplier circuit 7 in
FIG. 1.

The waveform synthesizer circuit in FIG. 12 operates
as stated below. T denotes the length of one cycle of a
waveform (in the present embodiment, T is 212 as a
binary number), and MX denotes the modulation depth
information received from the input terminal M
(MX=T holds). In a range in which the phase angle
address value NX applied to the input terminals N from
the phase angle computing circuit 3 in FIG. 1 statisfies
NX=MX, the readout addresses of the read only mem-
ory ROM are sequentially calculated and found so that
the K cycle(s) (K=1, 2, ... integer) of a cosine wave
may become MX, and for a range in which the phase
angle address value NX satisfies
TZENX>MX(TZNXZMX), the address data of the
read only memory ROM is fixed so that the amplitude
value may become “1”,

Now, the detailed operations of the circuit in FIG. 12
will be described with reference to FIGS. 13 and 14.

FIG. 13 shows waveforms in the case where one
cycle of a cosine wave corresponds to the modulation
depth information MX. The waveform AX corresponds
to a case of MX =T, while the waveform BX a case of
MX < T. The axis of abscissas represents the time t, and
the axis of ordinates the normalized value of an ampli-
tude. On the other hand, FIG. 14 shows waveforms in
the case where two cycles of a cosine wave correspond
to the modulation depth information MX. The wave-
form AX corresponds to a case of MX =T, while the
waveform BX a case of MX < T. (The significances of
the axes of abscissas and ordinates are the same as in
FIG. 13.)

On the basis of the phase angle address value NX
from the phase angle computing circuit 3 in FIG. 1, the
following operation is executed for obtaining a new
calculated phase angle address value LX in accordance
with the modulation depth information MX. Letting T
denote the length of one cycle of the original wave-
form, one cycle of the waveform may be equalized to
the length of MX as illustrated in FIG. 13. LX1 (LX2)
is evaluated for NX1 (NX2), and becomes the address
value of an actual waveform table. The input phase
angle data NX1 and the phase angle address LX1 have
the following relationship:

MX:T=NX1=LX1

Therefore, the new phase angle address LX1 is obtained
from:

LX1=(NX1/MX)-T

In the case of FIG. 14, two cycles of the waveform may
be equalized to the length of MX. The following rela-
tionship holds:

MX:T=NX1:LX1

Accordingly, the new phase angle address value LX1 is
obtained from:
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LX1=(NX1/MX)T

Here, letting NX' denote the original address signal,
namely, the phase angle address value afforded from the
phase angle computing circuit 3, the phase angle ad-
dress value NX expressed herein becomes:

NX=2NX’

In general, when the K cycle(s) (K=1, 2, ... integer
of a waveform is/are equalized to the length of MX, the
relationship of:

NX=K-NX’

holds, and the new phase angle address value LX is
obtained for the input phase angle data N, -from the
following:

LX=(NX'/MX)KT

FIG. 12 shows the above calculating formula in the
form of a circuit. Here, the read only memory ROM
stores amplitudes of half-cycles, e.g., 2048 steps (11
bits), for example, cosine waveforms of 11 bits. The
reason why each waveform is stored for the half cycle
here, is that one cycle of the cosine waveform is ob-
tained by folding back the waveform of the half cycle,
so when the readout address value has exceeded an
address corresponding to the half cycle, addresses may
be accessed in the order reverse to the order in which
addresses have been readout till then. Thus, the storage
capacity of the read only memory ROM can be saved.
In this case, stored waveforms of one cycle or % cycle
can be similarly employed by contriving the arrange-
ment of an arithmetic unit, but such embodiments shall
be omitted.

Now, the case of FIG. 13 or the case of synthesizing
the waveform in which one cycle of the cosine wave
corresponds to the modulation depth information MX,
is broadly divided into two cases. First, let’s consider
the case where the phase angle address value NX enter-
ing the input terminal A of the divider DIV is related as
0<NX=MX to the modulation depth information MX
entering the input terminal B of the divider DIV. Sub-
ject to a subdivided condition of NX =4MX in this case,
the new phase angle address value LX is delivered from
the output terminals D0-D10 of the divider DIV in
accordance  with the foregoing operation,
LX=(NX/MX)-T. Herein, the divider DIV executes
only the operation of NX/MX and does not multiply T.
The reason is as follows. The output terminals D0-D11
provide values (binary numbers) below a decimal point
as the result of NX/MX, and indicate the values of the
twelfth-first decimal places respectively. Among these
outputs, the bits D0-D10 are directly connected to the
terminals A0-A10 of the zeroth-tenth places of the
address inputs of the read only memory ROM through
the group of exclusive logic OR gates EORS. Thus, the
value is shifted by 12 bits in terms of the binary number,
and T or 212 as the binary number is equivalently multi-
plied. Under the current condition of 0<NX=3iMX,
the output terminal D11 is at a low level. Therefore, the
other inputs of the group of exclusive logic OR gates
EORS become the low level, and the group of exclusive
logic OR gates EORS function as a mere buffer. In this
way, the read only memory ROM is sequentially ac-
cessed with the new calculated phase angle address
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values LX, and the amplitude values of the half wave-
form of the cosine wave stored in the read only memory
ROM ar produced from the output terminals 00-010 of
the read only memory ROM.

Next, under a condition of NX>3iMX in the same
case of NX=MX, the output terminal D11 of the di-
vider DIV becomes a high level due to a carry, and the
other inputs of the exclusive logic OR gates EORS
become the high level. Thus, the group of exclusive
logic OR gates EORS function as an inverter, and the
address input terminals A0-A10 of the read only mem-
ory ROM are supplied with a value TX=T—LX result-
ing from the inversion of the value LX. As the NX
value increases successively in the range of
IMX <NX=MX, the LX value decreases. Therefore,
the addresses of the read only memory ROM are ac-
cessed in the order reverse to that in the case of

O<NX=iMX, and the amplitude values of the folded

half waveform are produced from the output terminals
00-010 of the read only memory ROM. In the above
way, the amplitude values of the cosine wave for one
cycle are first outputted from the read only memory
ROM by the use of the phase angle address values LX
(and LX) calculated anew in the range of 0< NX=MX.

Secondly, in a case where NX <MX=T holds, that
is, where the output NX/MX of the divider DIV is at
least one, the circuit is arranged so that all the output
terminals ID0-D11 of the divider DIV may become the
high level. Since the output terminal D11 becomes the
high level, the other inputs of the group of exclusive
logic OR gates EORS become the high level, and these
gates function as an inverter. Thus, all the address input
terminals A0-A10 of the read only memory ROM are
supplied with “0”, and the amplitude value of a wave-
form corresponding thereto is provided from the output
terminals O0-O10 of the read only memory ROM. In
the above way, the new waveform of one cycle shown
in FIG. 13 is synthesized.

Further, in the case of FIG. 14 where two cycles of a
cosine wave are produced in correspondence with the
modulation depth information, the relationship of
LX=MX'/MX)-2T holds among the original phase
angle address value NX', modulation depth information
MX, new phase angle address value LX and one cycle
T of a waveform in the read only memory ROM, as
stated before. Regarding the connection between the
outputs of the divider DIV and the address inputs of the
read only memory ROM in FIG. 12, therefore, the
outputs of the divider DIV are shifted toward the upper
bits by one bit as compared with those in the case of
FIG. 12 and are then applied to the address inputs of the
read only memory ROM, whereby 2T is multiplied.
That is, the output terminals D0-D9 of the divider DIV
may be connected to the address input terminals
A1-A10 of the read only memory ROM through the
group of exclusive logic OR gates EOR 5, respectively.

In this case, the terminal A0 is supplied with the low
level through the corresponding exclusive logic OR
gate EORS, the terminal D10 is connected to the other
inputs of the group of exclusive logic OR gates EORS,
and the terminal D11 is neglected. Owing to such con-
nection, the rate at which the phase angle address val-
ues advance the addresses becomes double that in the
case of FIG. 13, and the amplitude values of the half
waveform of the cosine wave stored in the read only
memory ROM are produced from the output terminals
00-010 of the read only memory ROM during 0 <NX-
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<{MX. The output terminal D10 of the divider DIV
becomes the high level at NX<iMX. During
IMX <NX = IMX, therefore, the circuit operates simi-
larly to the case of FIG. 13. The value =T-LX
with LX inverted by the group of exclusive logic OR
gates EORS is applied to the address input terminals of
the read only memory ROM. As the NX value increases
under the condition of IMX<NX=iMX, LX de-
creases. The addresses of the read only memory ROM
are accessed in the order reverse to that under the con-
dition of 0 <KNX = {MX, and the amplitude values of the
half waveform folded back are produced from the out-
put terminals O0-010 of the read only memory ROM.
In this way, the amplitude values of the cosine wave-
form in the read only memory ROM corresponding to
one cycle are outputted during 0<NX=4MX. When
NX=4MX has been reached, all the output. terminals
D0-D10 of the divider DIV are brought to the low
level again by a carry. Therefore, the group of exclusive
logic OR gates EORS return to the function of the mere
buffer (because the terminal D10 becomes the low
level), and all the addresses of the read only memory
ROM are accessed from “0” again. During
IMX <NX=MX, an operation similar to that during
O0<NX=iMX is repeated so as to deliver the ampli-
tude values of the cosine waveform in the read only
memory ROM corresponding to one cycle. Owing to the
operations thus far described, the amplitude values of the
cosine waveform in the read only memory ROM corre-
sponding to two cycles are outputted during
O<NX=MX. »

During MX <NX=T, likewise to the case of FIG.
13, the output terminals D0-D11 of the divider DIV
become the high level, and the outputs of the terminals
DO-D?9 are inverted by the group of exclusive logic OR
gates EORS, whereby all the address input terminals
A0-A10 of the read only memory ROM become “0”,
and the amplitude value “1” of the waveform corre-
sponding thereto is outputted. The new waveform of
one cycle shown in FIG. 14 is synthesized by the fore-
going operations. While, in the above, the waveform
shown in FIG. 14 has been obtained by altering the
connective relation between the divider DIV and the
read only memory ROM, waveforms corresponding to,
e.g., one cycle may well be stored in the read only
memory ROM. ~

The waveform generated by the second detailed cir-
cuit arrangement of FIG. 12 agrees with the waveform
in the case of setting the control terminals SAT and
SQU at the low level and the control terminal SIP at the
high level in FIG. 3, though they differ in phase. That
is, the changes of the spectra with respect to the modu-
lation depth data M are similar. In contrast, the wave-
form in FIG. 14 (in a circuit diagram, the outputs
DO0-D9 of the divider DIV are respectively connected
to the address input terminals A1-A10 through the
group of exclusive logic OR gates EORS) becomes
quite different from the waveforms in the foregoing
cases.

FIG. 15 is a circuit diagram of a read only memory
portion in the case where the stored waveforms of the
read only memory ROM in FIGS. 3 and 12 are
changed. Cosine waves of { cycle are stored in the first
half of addresses of the illustrated read only memory
ROM', while the polarity-inverted data items of the
cosine waves of the subsequent } cycle are stored in the
latter half. An address line connected to the most signif-
icant address bit A10 of the read only memory ROM’ is

5

20

25

18
connected to the first inputs of a group of exclusive
logic OR gates EOR6 in common. Further, it is con-
nected to the most significant address bit A10 and carry
input Cin of an adder circuit ADD. The outputs 00-09
of the read only memory ROM’ are respectively con-
nected to the address bits A0-A9 of the adder circuit
ADD. As stated before, the whole circuit depicted in
FIG. 15 corresponds to the read only memory ROM in
FIG. 3. When the address signal A10 is the low level,
the group of exclusive logic OR gates EORG6 operate as
a buffer. Since the low level is applied to the most sig-
nificant bit A10 and carry input Cin of the adder circuit
ADD, the adder circuit ADD provides the low level
from the most significant bit S10 thereof and the first-
half data of the read only memory ROM' from the other
outputs S9-S0 thereof. On the other hand, when the
address signal A10 is the high level, the group of exclu-
sive logic OR gates EOR6 operate as an inverter to
invert the outputs of the read only memory ROM'.
Further, since the high level is applied to the carry input
Cin and the most significant bit A10 of the adder circuit
ADD, the amplitude value at that time is equivalently
shifted by & of the amplitude of the cosine wave. Thus,
the circuit of FIG. 15 equivalently stores the same val-
ues as those of 4 cycle of the cosine wave stored in the

" read only memory ROM in FIG. 3. The read only mem-
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ory ROM' in FIG. 15 does not require the most signifi-
cant bit of the memory output, and is therefore effective
to reduce its capacity.

Although, in each of the foregoing embodiments of
the present invention, the divider circuit has been em-
ployed, it can be replaced with a multiplier circuit.
Further, specific waveforms are synthesized using a
plurality of waveform generator circuits embodying the
present invention, whereby various waveforms can be
produced. Regarding such synthesis, various wave-
forms can also be produced by changing the phases of
the fundamental waves. Besides, by changing the modu-
lation depth signal or waveform varying signal with
time, a signal with which a waveform changes with
time correspondingly can be produced. Accordingly, a
waveform whose higher harmonic component changes
with time can be produced very easily.

Further, although the embodiments of the present
invention are constructed so as to generate the funda-
mental wave shapes of three sorts, namely, of a saw-
tooth wave, a rectangular wave and an impulse-like
wave, it is also allowed to generate only one wave.
Further, although the waveform stored in the read only
memory ROM in each of the embodiments of the pres-
ent invention is the cosine wave, it may well be a sine
wave, a triangular wave, or the like.

The circuits in the foregoing embodiments of the
present invention give rise to the effect of distorting
only the time axis of the waveform. FIG. 16 shows
another arrangement of the waveform synthesizer cir-
cuit 8 in the embodiment of the present invention illus-
trated in FIG. 1. This arrangement changes, not only
the time axis of a waveform, but also the amplitude
value thereof with time during one cycle.

As shown in FIG. 16, the waveform synthesizer cir-
cuit 8 is composed of multiplier circuits 90 and 12, a
waveform memory 10, and an envelope generator 11.
The phase angle received from the input terminal A
enters the multiplier circuit 90. Besides, the tone color
control signal or higher harmonics control signal is
received from the input terminal B. They are multiplied
in the multiplier circuit 90, and the resulting output of
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this multiplier circuit accesses the address of the wave-
form memory 10. The waveform memory 10 provides
the output of a waveform value assigned by the output
of the multiplier circuit 90. The provided output enters
the multiplier circuit 12. Meanwhile, the phase angle
received from the input terminal A is also applied to the
envelope generator 11. This envelope generator 11
produces an envelope signal corresponding to the input-
ted phase angle. The envelope signal produced from the
envelope generator 11 is a signal for changing an ampli-
tude value in the waveform memory within one cycle,
and it enters the multiplier circuit 12. The output of the
waveform memory 10 enters the multiplier circuit 12,
and is multiplied with the aforementioned envelope
signal therein. The resulting product is delivered to the
output terminal C.

The envelope multiplier circuit 7 in FIG. 1is a circuit
for changing the envelope over the range of at least one
cycle of the waveform, whereas the multiplier circuit 12
in FIG. 16 is a circuit for changing the amplitude value
within one cycle.

That is, the present embodiment consists in that, as
illustrated in FIG. 16, the phase angle is modified by the
multiplier circuit 90, while at the same time the wave-
form value produced from the waveform memory 10 is
changed within one cycle by the multiplier circuit 12.

FIG. 17 is a first circuit diagram which illustrates the
arrangement of the waveform synthesizer circuit of the
embodiment of the present invention shown in FIG. 16,
in more detail. An input terminal N or inputs N0O-N11
is/are connected to the inputs A0-A1l of a multiplier
circuit MPY1. In addition, an input terminal M is con-
nected to the inputs B0-B11 of the multiplier MPY1.
The outputs Q0-Q7 of the multiplier circuit MPY1 are
respectively connected to the address inputs A0-A7 of
a waveform memory, namely, read only memory ROM.
The outputs O0-O7 of the read only memory ROM
enter the inputs B0-B7 of a multiplier circuit MPY2.
Also, the terminals N4-N11 are respectively connected
to the inputs A0-A7 of the multiplier circuit MPY2
through inverters I4-I111. The outputs Q0-Q7 of the
multiplier circuit MPY2 are provided from the output
terminal C. The input terminal group N corresponds to
the input terminal A in FIG. 16, and the input terminal
M to the input terminal group B. That is, the input
terminal N is supplied with the output of the phase
angle computing circuit 3 in FIG. 1, for example, 12-bit
phase angle data NO-N11, while the input terminal M is
supplied with the output of the adder circuit 6 in FIG.
1, for example, 12-bit data MO-M11.

The value received from the input terminal N,
namely, the phase angle address value NX is multiplied
by the modulation depth information MX received from
the input terminal M, by means of the multiplier circuit
MPY1. The multiplier circuit MPY1 has the function of
multiplying the bits, and executes the operation of
(input data of A0-A11)X (input data of B0-B11)=-212,
That is, NX X MX +-212 is executed, and the less signifi-
cant 8 bits Q0-Q2 of the operated result enter the re-
spective address inputs A0-A7 of the waveform mem-
ory ROM. The waveform memory ROM stores one
cycle of a cosine waveform, the amplitude value of
which consists of 8 bits. The address value NX is vari-
ously changed depending upon the modulation depth
information MX received from the input terminal M, in
the multiplier circuit MPY1, and then accesses the ad-
dress of the waveform memory ROM. Therefore, the
amplitude data 00-O7 to be delivered from the output
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terminals of the waveform memory ROM become a
value whose time axis changes depending upon the
modulation depth information MX. Further, the outputs
enter the multiplier circuit MPY2 and are multiplied
therein with the inverted values of the values of the bits
N4-N11 of the data received from the input terminal N.
The multiplier circuit MPY2 executes an 8-bit multipli-
cation, which is (input data of A0-A7)X (input data of
B0-B7)+28. Owing to the multiplier circuit MPY2, the
amplitude value changes depending upon the phase
angle address value NX this time. The outputs Q0-Q7
of the multiplier circuit MPY2 are delivered from the
output terminal C. The envelope generator 11 in FIG.
16 corresponds to the inverters 14-111 in FIG. 17.

FIGS. 18 to 21 are waveform diagrams which show
the output waveforms of the respective circuits depen-
dent upon the modulation depth information MX. In
each of these diagrams, (a) illustrates the phase angle
address value NX, (b) the output Q of the multiplier
circuit MPY1, (c) the output of the waveform memory
ROM, (d) the input data values of the inputs A0-A7 of
the multiplier circuit MPY2, and (e) the output of the
multiplier circuit MPY2, i.e., the waveform data value
outputted from the output terminal C. In addition, the
modulation depth information MX in FIGS. 18 to 21 are
“FF” (255), “17F” (383), “3FF” (1023) and “FFF” .
(4095), respectively. Here, “  denotes the hexadecimal
notation, and () the decimal notation.

In FIG. 18, one cycle of the waveform (a) and that of
the waveform (b) agree, and the phase change, in other
words, the change of the time axis is not involved. As a
result, the waveform outputted from the waveform
memory ROM in which the cosine wave is stored be-
comes the cosine wave (c) of one cycle. The multiplier
circuit MPY2 is supplied with the waveforms (c) and
(d). The waveform (d) is a value obtained in such a way
that the phase angle address value NX has the less sig-
nificant bits (N0-N3) removed and is inverted by the
inverters 14-111. In this waveform (d), the time axis is
reverse to the modulation depth information MX. Since
the multiplier circuit MPY2 multiplies the waveforms
(c) and (d), its output becomes as shown in (e). FIG. 18
corresponds to a case where merely the amplitude value
has changed in correspondence with the phase, i.e., the
time.

FIGS. 19 to 21 correspond to a case where the modu-
lation depth information MX is greater than “FF”. At
this time, the address value for accessing the waveform
memory ROM is repeated a plurality of times as shown
in (b).. An identical address is accessed within one cycle
1.5 times in FIG. 19, 4 times in FIG. 20, and 16 times in
FIG. 21. Thus, the frequency of the waveform to be
outputted from the waveform memory ROM becomes
1.5 times, 4 times and 16 times. Further, since the ampli-
tude of such waveform is changed in correspondence
with one cycle of the modulation depth information
MX, the output becomes (e). The output of the wave-
form memory ROM in FIG. 19 starts from zero again at
the specified value of the amplitude. Therefore, this
waveform becomes discontinuous. Since, however, the
amplitude value at that time becomes zero in the multi-
plier circuit MPY2, unnecessary higher harmonics are
removed. In this way, in the frequency spectrum of
each waveform provided from the multiplier circuit
MPY2, the frequency which is 1.5 times, 4 times or 16
times higher than the fundamental frequency is empha-
sized. ‘
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FIG. 22 is a circuit diagram in the case where the
envelope generator 11 in FIG. 16 is composed of exclu-
sive logic OR gates. The same parts as in FIG. 17 shall
not be repeatedly explained. The input bits N3-N10 of
the input terminals N are respectively applied to the
first inputs of the exclusive logic OR gates EOR7—
EORI14. Further, the bit N11 is applied to the second
inputs of the exclusive logic OR gates EOR7-EOR14.
In the foregoing case of FIG. 17, the inputted phase
angle address value NX is applied to the inputs A0-A7
- of the multiplier circuit MPY2 correspondingly, that is,
with a proportional relation, whereas in the case of
FIG. 22, one cycle forms a triangular wave which is
applied to the multiplier circuit MPY2.

FIG. 23 is a waveform diagram which shows the
waveforms of the respective circuits produced in the
embodiment of FIG. 22. As in the cases of FIGS. 18 to
21, (a) illustrates the phase angle address value NX, (b)
the output of the multiplier circuit MPY1, (c) the output
of the waveform memory ROM, (d) the input data
values of the bits A0-A7 of the multiplier circuit MPY?2,
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and (e) the output of the multiplier circuit MPY2. The

modulation depth information MX at this time is “FFF”
(4095). As in FIG. 21, accordingly, the address value
for accessing the waveform memory ROM is repeated a
plurality of times, and an identical address is accessed 16
times within one cycle. That is, the waveform output of
the waveform memory ROM is brought to a frequency
16 times higher. Further, the amplitude of such wave-
form is multiplied by the output data of the exclusive
logic OR gates EOR7-EORI14, namely, the triangular
waveform, so that the resulting output becomes (e).
Accordingly, the frequency which is 16 times higher
than the fundamental frequency is emphasized as in
FIG. 21, but the rate of the higher harmonic compo-
nents becomes different from that in the case of FIG. 21.
FIG. 24 is a circuit diagram in the case where the
envelope generator 11 in FIG. 16 is formed of a wave-
form memory. The same parts as in FIG. 17 shall not be
repeatedly explained. The input bits N4-N11 of the
input terminal group N are applied to the address inputs
of the envelope memory HROM which stores envelope
data. The outputs of the memory HROM are applied to
the inputs A0-A7 of the multiplier circuit MPY2. As-
suming by way of example that the envelope waveform
stored in the envelope memory HROM be a cosine
wave, the amplitude value of the waveform changes
cosinusodally in correspondence with one cycle. Fur-
ther, if the modulation depth information MX is much
greater than “FF” and is “FFF” by way of example,
one cycle of the output waveform becomes as shown in
FIG. 25. In this figure, the axis of abscissas represents
the time t, and the axis of ordinates the amplitude. Since
the waveform stored in the envelope memory HROM is
the same as the cosine wave stored in the waveform
memory, it is also possible to share the waveform mem-
ory ROM or the envelope memory HROM by time
division so as to dispense with either memory.
Meanwhile, the waveform stored in the envelope
memory HROM is not always the cosine wave. For
example, in a case where the inverted values of the
address inputs or the triangular wave are/is stored, the
operating waveform becomes the same as in FIG. 17 or
FIG. 22, and the output becomes the waveform (e)
shown in FIGS. 18-21 or FIG. 23, respectively.
FIGS. 26(A1)-26(B1), . . . 26(F1), FIGS. 27(Al),
27(B1), . . . 27(F1) and FIGS. 28(Al), 28(B1), . . .
28(F1), and FIGS. 26(A2), 26(B2), . . . 26(F2), FIGS.
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27(A2), 27(B2), . . . 27(F2) and FIGS. 28(A2), 28(B2), .
. . 28(F2) are diagrams showing waveforms generated
by the foregoing embodiments of FIG. 17, FIG. 22 and
FIG. 24 and their spectra, respectively. The waveform
and spectrum (A1) and (A2) correspond to a case where
the modulation depth information MX is set at “FF”,
and those (B1) and (B2)-(F1) and (F2) correspond to
cases where the phase angle address value NX is set at
1.5 times, 2 times, 4 times, 8 times and 16 times of “FF”,
respectively. As apparent from the corresponding spec-
tra, a peak value is exhibited in the higher harmonic
component of order 2 in the case of the address value of
2 times, and the peaks of higher harmonics are exhibited
substantially at orders 4, 8 and 16 in the respective cases
of the address values of 4, 8 and 16 times. Thus, these
embodiments have made it possible to attain the so-
called resonance effect.

In the embodiment of FIG. 16, the phase angle is
changed by the use of the multiplier circuit MPY1.
However, this is not restrictive, but a divider or a bit
shaft circuit can also be employed by way of example.
Further, the envelope generator 11 shown in FIG. 16 is
not restricted to the inverters I4-111, the exclusive logic
OR gates EOR7-EOR14 or the envelope memory
HROM, but it may well be a circuit of another arithme-
tic function or a bit shift circuit. Besides, by changing
the modulation depth signal with time, a signal with
which a waveform changes with time correspondingly
can be produced. Accordingly, a waveform whose high
harmonic component changes with time can be pro-
duced very easily, and a resonating higher harmonic
component changes with time. Although the waveform
stored in the foregoing waveform memory or read only
memory is the cosine wave, it may well be a sine wave,
a triangular wave or the like.

As described above, according to the present inven-
tion, it becomes possible to generate a waveform whose
spectrum has a smoothly changing envelope, by means
of simple digital circuitry, and also to produce the
waveform of a rectangular wave, sawtooth wave or the
like free from higher harmonics of higher orders. Fur-
thermore, the manner in which the higher harmonics
are contained, in other words, the shapes of the higher
harmonic waves can be simply changed, and such
shapes can be changed with time.

Moreover, according to the present invention, it be-
comes possible to generate a musical sound which has a
peak at a specified higher harmonic wave of the spec-
trum of a musical sound waveform. Further, the peak
position of the higher harmonic wave can be changed
depending upon a modulation depth signal, and it be-
comes possible to generate a musical sound which
brings forth an effect similar to the resonance effect of
a voltage control filter VCF in an analog music synthe-
sizer.

What is claimed is: '

1. An electronic musical instrument, comprising:

storage means for storing waveform information;

address signal production means for producing a

single address signal which changes at a uniform
rate corresponding to a frequency of the waveform
to be produced over one cycle of a waveform, to
read out the waveform information stored in said
storage means[;} by accessing said waveform infor-
mation corresponding to a half-cycle or said waveform
during a predetermined time interval; '

modulating signal production means for producing a

modulating signal[;] , said modulating signal deter-



cosine waves as the waveform information.

Re. 34,481

23
mining a selected time interval, different from said
predetermined time interval, for accessing said wave-
Jorm information stored in said storage means and
corresponding to said half cycle of the waveform;
modification means coupled to said address signal 5
production means and to said modulating signal
production means for modifying the single address
signal produced from said address signal produc-
tion means, into a modified address signal accord-
ing to the modulating signal supplied from said
modulating signal production means without using
a feedback loop from said storage means, and which
accesses said waveform information corresponding to
a first half cycle of the waveform during said selected
time interval determined by said modulating signal,
and also accesses said waveform information corre-
sponding to a latter half cycle of the waveform during
at least a portion of a remaining time interval between
termination of said selected time interval and the end
of the cycle of said waveform, the changing rate of 20
said modified address signal varying in said one
cycle of the waveform; and
accessing means coupled to said modification means
for accessing the waveform information stored in said
storage means by the use of the modified address
signal delivered from said modification means to
generate a waveform [signal which has a distorted
waveform according to] that, relative to a wave-
Jorm produced with the single address signal changing
at said uniform rate, is distorted in accordance with 30
the modulating signal produced by the modulating
signal production means, and has the frequency
determined by the single address signal generated
by the address signal production means.
2. The electric musical instrument according to claim
1, wherein said modification means includes means for
modifying said single address signal by switching said
single address signal and an inverted value of said single
address signal within said one cycle of the waveform.
3. An electronic musical instrument according to
claim 1, wherein said modulating signal production
means produces a modulating signal which changes
with the lapse of time.
4. An electronic musical instrument according to
claim 1, wherein said address signal production means 45
delivers at the uniform rate, phase angle information
which defines a phase angle of the waveform.
5. An electronic musical instrument according to
claim 1, wherein said storage means stores sine waves or
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6. An electronic musical instrument according to
claim 1, wherein said storage means stores waveforms
which correspond to half-cycles or quarter-cycles of

cosine waves.

7. An electronic musical instrument according to 55
claim 1, wherein said modification means includes arith-
metic means, which has its functional operation altered
in at least one range within one cycle of the waveform,
so as to produce the modified address signal from the
address signal of said address signal production means.
8. An electronic musical instrument according to
claim 7, wherein said modification means includes at
least one switching terminal, and said arithmetic means
can also have said functional operation altered by a
signal received from said switching terminal.

9. An electronic musical instrument according to
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claim 3, wherein said modification means includes arith-

metic means, which has its functional operation altered
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in at least one range within one cycle of the waveform,
so as to produce the modified address signal from the
address signal of said address signal production means.

10. An electronic musical instrument according to
claim 4, wherein said modification means includes arith-
metic means, which has its functional operation altered
in at least one range within one cycle of the waveform,
so as to produce the modified address signal from the
address signal of said address signal production means.

11. An electronic musical instrument according to
claim 5, wherein said modification means includes arith-
metic means, which has its functional operation altered
in at least one range within one cycle of the waveform,
so as to produce the modified address signal from the
address signal of said address signal production means.

12. An electronic musical instrument according to
claim 6, wherein said modification means includes arith-
metic means, which has its functional operation altered
in at least one range within one cycle of the waveform,
so as to produce the modified address signal from the
address signal of said address signal production means.

13. An electronic musical instrument according to
claim 7, wherein said modification means further in-
cludes comparison means, and said functional operation
of said arithmetic means is altered by an output of said
comparison means.

14. An electronic musical instrument according to
claim 13, wherein said arithmetic means is supplied with
the address signal and the modulating signal, has its
functional operation altered by the comparison output
and delivers a modified address signal.

15. An electronic musical instrument according to
claim 7, wherein said arithmetic means is a divider cir-
cuit which divides the address signal by the modulating
signal.

16. An electronic musical instrument according to
claim 13, wherein said arithmetic means includes an
exclusive logic OR circuit at its output, and a logic of
said exclusive logic OR circuit is turned into one of an
inverter and a buffer by the comparison output.

17. An electronic material instrument according to
claim 13, wherein said arithmetic means includes an
exclusive logic OR circuit at its input, and a logic of said
exclusive logic OR circuit is turned into one of an in-
verter and a buffer by the comparison output.

18. An electronic musical instrument, comprising:

storage means for storing waveform information;

address signal production means for producing a

single address signal which changes at a uniform
rate corresponding to a frequency of the waveform
to be produced over one cycle of a waveform, to
read out the waveform information stored in said
storage means;

modulating signal production means for producing a

modulating signal;

modification means coupled to said address signal

production means and to said modulating signal
production means for modifying the single address
signal produced from said address signal produc-
tion means, into a modified address signal accord-
ing to the modulating signal supplied from said
modulating signal production means without using
a feedback loop from said storage means; and
said modification means supplying said modified ad-
dress signal to said storage means so as to deliver at
least one cycle of the stored waveform information
in a predetermined portion of one cycle of an out-
put waveform to be produced defined on the basis
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of the modulating signal, and to deliver a predeter-
mined fixed value as output waveform information
in a remaining portion of the one cycle of said
output waveform to be produced.

19. The electric musical instrument according to
claim 18, wherein said modification means includes
means for modifying said single address signal by
switching said single address signal and an inverted
value of said single address signal within said one cycle
of the waveform.

20. An electronic musical instrument according to
claim 18, wherein said modulating signal production
means produces a modulating signal which changes
with lapse of time.

21. An electronic musical instrument according to
claim 18, wherein said address signal production means
delivers at a uniform rate, phase angle information
which defines a phase angle of the waveform.

22. An electronic musical instrument according to
claim 18, wherein said storage means stores sine waves
or cosine waves as the waveform information.

23. An electronic musical instrument according to
claim 18, wherein said storage means stores waveforms
which correspond to half-cycles or quarter-cycles of
cosine waves.

24. An electronic musical instrument according to
claim 18, wherein said modification means includes a
divider circuit which divides the address signal by the
modulating signal, and a plurality of gates each first
input terminal of which is supplied with a most signifi-
cant bit output of said divider circuit and second input
terminals of which are respectively supplied with out-
puts of said divider circuit other than the most signifi-
cant bit output, outputs of said gates forming the modi-
fied address signal.

25. An electronic musical instrument according to
claim 18, wherein said modification means includes a
plurality of gates each first input terminal of which is
supplied with a most significant bit output of the address
signal and second input terminals of which are respec-
tively supplied with outputs of the address signal other
than the most significant bit output, and a divider circuit
which divides an output signal of said plurality of gates
by the modulating signal, an output of said divider cir-
cuit forming the modified address signal.

26. An electronic musical instrument according to
claim 24, wherein said plurality of gates are exclusive
logic OR gates. ‘

27. An electronic musical instrument according to
claim 25, wherein said plurality of gates are exclusive
logic OR gates. .

28. An electronic musical instrument according to
claim 18, wherein said modification means generates the
waveform information by reading out the waveform
storage means for at least one cycle in a range in which
the address signal received from said address signal
production means is smaller than the modulating signal,
and by delivering the waveform information of a maxi-
mum value in a range in which the received address
signal is larger than the modulating signal.

29. An electronic musical instrument, comprising:

storage means for storing waveform information;

address signal production means for producing a

single address signal which changes at a uniform
rate corresponding to a frequency of the waveform
to be produced over one cycle of a waveform, to
read out the waveform information stored in said
storage means;
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modulating signal production means for producing

modalating signal;
modification means coupled to said address signal
production means and to said modulating signal
production means for modifying the single address
signal produced from said address signal produc-
tion means, into a modified address signal accord-
ing to the modulating signal supplied from said
modulating signal production means without using
a feedback loop from said storage means; and

said modification means supplying said modified ad-
dress signal to said storage means for producing a
first portion of a first half cycle of an output wave-
form by reading out a half cycle of the stored infor-
mation for a condition in which the single address
signal is smaller than the modulating signal, for
producing a first predetermined value as output
waveform information in a remaining portion of
said first half cycle of said cutput waveform, for
reading out the remaining half cycle of said stored
waveform information for a condition in which the
single address signal is smaller than the modulating
signal in a first portion of a latter half cycle of said
output waveform, and for producing a second pre-
determined value as output waveform information
in a remaining portion of said latter half cycle of
said output waveform.

30. "An electronic musical instrument according to
claim 29, wherein said modulating signal production
means produces a modulating signal which changes
with lapse of time.

31. An electronic musical instrument according to
claim 29, wherein said address signal production means
delivers at a uniform rate, phase angle information
which defines a phase angle of the waveform.

32. An electronic musical instrument according to
claim 29, wherein said storage means stores sine waves
or cosine waves as the waveform information.

33. An electronic musical instrument according to
claim 29, wherein said storage means stores waveforms
which correspond to half-cycles or quarter-cycles of
cosine waves.

34. An electronic musical instrument according to
claim 29, wherein said modification means includes a
divider circuit which divides the address signal re-
ceived from said address signal production means and
with a most significant bit expected, by the modulating
signal, and output terminals of said storage means are
respectively connected to first input terminals of a plu-
rality of gates, a second input terminal of which is sup-
plied with the most significant bit of the address signal.

35. An electronic musical instrument according to
claim 34, wherein said plurality of gates are exclusive
logic OR gates.

36. The electric musical instrument according to
claim 29, wherein said modification means includes
means for modifying said single address signal by oper-
ating on said single address signal and the modulation
signal in a first half cycle of said one cycle, and means
for performing an operation of producing said second
predetermined value by deleting the most significant bit
from said single address signal and the modulating sig-
nal in the latter half cycle of said one cycle.

37. An electronic musical instrument, comprising:

storage means for storing waveform information;

address signal production means for producing a

single address signal which changes at a uniform
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rate corresponding to a frequency of the waveform
to be produced over one cycle of a waveform

modulating signal production means for producing a
modulating signal which serves to modify and read
out the waveform information stored in said stor-
age means;

modification means coupled to said address signal
production means and to said modulating signal
production means for modifying the single address
signal into a modified address signal which defines
an address of more than one cycle of the wave-
form, while said single address signal defines an
address of only one cycle of the waveform,

said modification means including multiplying means
for multiplying the modulating signal delivered
from said modulating signal production means and
the single address signal delivered from said ad-
dress signal production means so as to generate the
modified address signal; and

means for accessing said storage means by the use of

the modified address signal delivered from said
modification means.

38. An electronic musical instrument according to
claim 37, wherein said storage means stores sine waves
or cosine waves as the waveform information.

39. An electronic musical instrument according to
claim 37, wherein said storage means stores waveforms

which correspond to half-cycles or quarter-cycles of

cosine waves.

40. An electronic musical instrument according to
claim 37, wherein said address signal production means
delivers at a uniform rate, phase angle information
which defines a phase angle of the waveform.

41. An electronic musical instrument according to
claim 37, wherein said modulating signal production
means produces a modulating signal which changes
with the lapse of time.

42. An electronic musical instrument, comprising:

storage means for storing waveform information;
address signal production means for producing a
single address signal which changes at a uniform
rate corresponding to a frequency of the waveform
to be produced over one cycle of a waveform for
reading out the waveform information stored in
said storage means;
modification means for modifying the single address
signal into a modified address signal which defines
an address of more than one cycle of the wave-
form, while said single address signal defines an
address of only one cycle of the waveform;

accessing means coupled to said modification means
for accessing said storage means by the use of the
modified address signal delivered from said modifi-
cation means; '

envelope signal production means coupled to said
address signal production means for producing an
envelope signal from the single address signal pro-
duced by said address signal production means said
envelope signal having a waveform which is
changed repeatedly according to the signal address
signal; and

imparting means for imparting the envelope signal

produced by said envelope signal production
means to the waveform information read out from
said storage means in one cycle of the waveform.

43. An electronic musical instrument according to
claim 42, wherein said envelope signal production
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means is an inverter which inverts the address signal of
said address signal production means.

44. An electronic musical instrument according to
claim 42, wherein said envelope signal production
means is a plurality of exclusive logic OR circuits each
first input of which is a most significant bit signal in the
address signal of said address signal production means,
and whose other inputs are respective bit signals of the
address signal except the most significant bit signal.

45. An electronic musical instrument according to
claim 42, wherein said envelope signal production
means includes a waveform memory which is addressed
by the address signal of said address signal production
means.

46. An electronic musical instrument according to
claim 42, wherein said imparting means includes a mul-
tiplier circuit which muitiplies the waveform informa-

-tion and the envelope signal.

47. An electronic musical instrument, comprising:

storage means for storing waveform information;

address signal production means for producing a single
address signal which changes at a uniform rate corre-
sponding to a frequency of the waveform to be pro-
duced over one cycle of a waveform to read out the
waveform information stored in said storage means;

modulating signal production means for producing a
modulating signal;

modification means coupled to said address signal pro-
duction means and to said modulating signal produc-
tion means for modifying the single address signal
produced from said address signal production means
into a modified address signal according to the modu-
lating signal supplied from said modulating signal
production means without using a feedback loop from
said storage means, the changing rate of said modified
address signal varying in said one cycle of the wave-
form; and

accessing means coupled to said modification means for
accessing said storage means by the use of the modi-
fied address signal delivered from said modification
means to generate a waveform signal which has a
distorted waveform according to the modulating sig-
nal produced by the modulating signal production
means, and has the frequency determined by the sin-
gle address. signal generated by the address signal
production means;

wherein said modification means includes means for
modifying said single address signal by switching said
single address signal and an inverted value of said
single address signal within said one cycle of the wave-
Jorm.

48. An electronic musical instrument, comprising:

storage means for storing waveform information;

address signal production means for producing a single
address signal which changes at a uniform rate corre-
sponding to a frequency of the waveform to be pro-
duced over one cycle of a waveform to read out the
waveform information stored in said storage means;

modulating signal production means for producing a
modulating signal;

modification means coupled to said address signal pro-
duction means and to said modulating signal produc-
tion means for modifying the single address signal
produced from said address signal production means
into a modified address signal according to the modu-
lating signal supplied from said modulating signal
production means without using a feedback loop from
said storage means, the changing rate of said modified
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address signal varying in said one cycle of the wave-
Jorm; and

accessing means coupled to said modification means for
accessing said storage means by the use of the modi-
fied address signal delivered from said modification
means to generate a waveform signal which has a
distorted waveform according to the modulating sig-
nal produced by the modulating signal production
means, and has the frequency determined by the sin-
gle address signal generated by the address signal
production means;

wherein the storage means stores waveforms which corre-

spond to half-cycles or quarter-cycles of cosine waves,
and said modification means includes arithmetic
means which has its functional operation altered in at
least one range within one cycle of the waveform, so as
to produce the modified address signal from the ad-
dress signal of said address signal production means.

49. An electronic musical instrument, comprising:

storage means for storing waveform information;

address signal production means for producing a single
address signal which changes at a uniform rate corre-
sponding to a frequency of the waveform to be pro-
duced over one cycle of a waveform to read out the
waveform information stored in said storage means;

modulating signal production means for producing a

modulating signal;

modification means coupled to said address signal pro-

_ duction means and to said modulating signal produc-
tion means for modifying the single address signal
produced from said address signal production means
into a modified address signal according to the modu-
lating signal supplied from said modulating signal
production means without using a feedback loop from
said storage means, the changing rate of said modified
address signal varying in said one cycle of the wave-
Jorm; and

accessing means coupled to said modification means for

accessing said storage means by the use of the modi-
fied address signal delivered from said modification
means to generate a waveform signal which has a
distorted waveform according to the modulating sig-
nal produced by the modulating signal production
means, and has the frequency determined by the sin-
gle address signal generated by the address signal
production means;

wherein said modification means includes arithmetic

means which has its functional operation altered in at
least one range within one cycle of the waveform, so as
to produce the modified address signal from the ad-
dress signal of said address signal production means.

50. An electronic musical instrument according to claim
49, wherein said modification means includes at least one
switching terminal, and said arithmetic means can also
have said functional operation altered by a signal received
Jfrom said switching terminal.

31. An electronic musical instrument according to claim
49, wherein said arithmetic means is a divider circuit which
divides the address signal by the modulating signal.

32. An electronic musical instrument according to claim
49, wherein said modification means further includes com-
parison means, and said functional operation of said arith-
metic means is altered by an output of said comparison
means. ’

33. An electronic musical instrument according to claim
52, wherein said arithmetic means is supplied with the
address signal and the modulating signal, has its func-
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tional operation altered by the comparison output and
delivers a modified address signal,

54. An electronic musical instrument according to claim
52, wherein said arithmetic means includes an exclusive
logic OR circuit at its output, and a logic of said exclusive
logic OR circuit is turned into one of an inverter and a
buffer by the comparison output.

35. An electronic material instrument according to
claim 52, wherein said arithmetic means includes an ex-
clusive logic OR circuit at its output, and a logic of said
exclusive logic OR circuit is turned into one of an inverter
and a buffer by the comparison output.

56. An electronic musical instrument, comprising:

storage means for storing waveform information;

address signal production means for producing a single
address signal which changes at a uniform rate corre-
sponding to a frequency of the waveform to be pro-
duced over one cycle of a waveform to read out the
waveform information stored in said storage means;

modulating signal production means for producing a

modulating signal which changes with the lapse of
time;

modification means coupled to said address signal pro-

duction means and to said modulating signal produc-
tion means for modifying the single address signal
produced from said address signal production means
into a modified address signal according to the modu-
lating signal supplied from said modulating signal
production means without using a feedback loop from
said storage means, the changing rate of said modified
address signal varying in said one cycle of the wave-
form; and

accessing means coupled to said modification means for

accessing said storage means by the use of the modi-
Jied address signal delivered from said modification
means to generate a waveform signal which has a
distorted waveform according to the modulating sig-
nal produced by the modulating signal production
means, and has the frequency determined by the sin-
gle address signal generated by the address signal
production means;

wherein said modification means includes arithmetic

means which has its functional operation altered in at
least one range within one cycle of the waveform, so as
to produce the modified address signal from the ad-
dress signal of said address signal production means.

57. An electronic musical instrument, comprising:

storage means for storing waveform information;

address signal production means for producing a single
address signal which changes at a uniform rate corre-
sponding to a frequency of the waveform to be pro-
duced over one cycle of a waveform to read out the
waveform information stored in said storage means;

modulating signal production means for producing a

modulating signal;

modification means coupled to said address signal pro-

duction means and to said modulating signal produc-
tion means for modifying the single address signal
produced from said address signal production means
into a modified address signal according to the modu-
lating signal supplied from said modulating signal
production means without using a feedback loop from
said storage means, the changing rate of said modified
address signal varying in said one cycle of the wave-
form; and

accessing means coupled to said modification means for

accessing said storage means by the use of the modi-
Jied address signal delivered from said modification
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means o generate a waveform signal which has a
distorted waveform according to the modulating sig-
nal produced by the modulating signal production
means, and has the frequency determined by the sin-
gle address signal generated by the address signal 5
production means;
wherein said address signal production means delivers,
at the uniform rate, phase angle information which
defines a phase angle of the waveform; and
wherein said modification means includes arithmetic 10
means which has its functional operation altered in at
least one range within one cycle of the waveform, so as
to produce the modified address signal from the ad-
dress signal of said address signal production means.
38. An electronic musical instrument, comprising: 15
storage means for storing waveform information;
address signal production means for producing a single
address signal which changes at a uniform rate corre-
sponding to a frequency of the waveform to be pro-
duced over one cycle of a waveform to read out the 20
waveform information stored in said storage means;
modulating signal production means for producing a
modulating signal;
modification means coupled to said address signal pro-
duction means and to said modulating signal produc- 25
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tion means for modifying the single address signal
produced from said address signal production means
into a modified address signal according to the modu-
lating signal supplied from said modulating signal
production means without using a feedback loop from
said storage means, the changing rate of said modified
address signal varying in said one cycle of the wave-
Jorm; and

accessing means coupled to said modification means for
accessing said storage means by the use of the modi-
fied address signal delivered from said modification
means o generate a waveform signal which has a
distorted waveform according to the modulating sig-
nal produced by the modulating signal production
means, and has the frequency determined by the sin-
gle address signal generated by the address signal
production means;

wherein said storage means stores sine waves or cosine
waves as the waveform information; and

wherein said modification means includes arithmetic
means which has its functional operation altered in at
least one range within one cycle of the waveform, so as
to produce the modified address signal from the ad-

dress signal production means.
* % %x &
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